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&&tk. This study sought to determine whether early after- 
depoharIxatian-Muted t&wed activity is responsible for the 
initiation of ventricular arrhythmias in dogs with an inherited 
predisposition to sadden death. 
lfockgmuad. We have identified a colony of German shepherd 
dogs that display inherited ventricular ectoptc activity and sudden 
eardiae death. Ilie amhythmias h these animats 819 pause depen- 
dentbutarenotamo&edsoeiratedwithapmlongedQTiuter4suggestiog 
that they might be initiated by early mpohuimtion-induced 
big&red activity in Purktnje fibers. 
&thuds. cardiac Purkinje fibers obtained from dogs that 
either did or dii not exhibit ventricular tachyatiythmias at the 
time of stndy were seperfused in vitro with normal Tyrode 
sohttion (~celhdar potashm iou coueesttration 4 mmollliter) 
and wem studied asIng daudard mtemeIectrode teehalques. 
lteds. EarIy afterdepolarizations and triggered activity oc- 
We have identified a group of young, otherwise healthy, German 
shepherd dogs that display inherited ventricular arrhythmias and 
sudden death (1). Premature ventricular complexes in these 
animals most often are coupled to a sinus complex that has 
been preceded by a pause (12). suggesting that the arrhythmias 
may be caused by early afterdepolarization-induced triggered 
activity (3-5). Because the QT interval (and, by inference, 
ventricular repolarization) is normal in affected dogs (l), we 
hypotbesii that triggered activity, if present, might arise 
&can F’urkinje tissue. To test this hypothesis, action potentials 
were recorded from isolated false tendons obtained from 
animals that either did or did not display arrhythmias at the 
time of study. In addition, the effects of interventions known to 
suppress (overdrive pacing [ 1,2]) or exacerbate (phenylephrine 
[2]) arrhythmias in the intact dogs were determined. 
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curred spontaneously in Purkinje fibers obtained fmm affected 
dogs (a = 7) hut not in fibers obtained from unatfected dogs (n = 
13). Exit conduction block of triggered responses occurred to 
vatying degrees within the Purki~e fiber but not at the Purkinje- 
muscle junction. Overdrive pacing suppressed triggered activity. 
The reemergence of triggered activity after cessation of pacing was 
both time and rak dependent. Triggered activtty in fibers ob- 
tained from affected dogs was potentiated by phenylephrhte and 
epinephrine and was suppressed by isoproterenal. Triggered 
activity was not induced by phenylephrine or epinephrine in fibers 
obtained from unaffected dogs. 
t2acfnsion.s. These results support the hypothesis that early 
afterdepolarization-induced triggered activity in Purkiqje fibers is 
responsible for the initiation of veutricular arrhythmias in this 
canine model of inherited sudden death. 
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Methods 
Classification of dogs. The 20 dogs used for this study were 
part of a colony of young, inbred German shepherds, many of 
whom display spontaneous, bradycardia-dependent ventricular 
ectopic activity. The characteristics of these dogs have been 
described in detail (1). The incidence and severity of sponta- 
KZUS ventricular ectopic activity was assessed using 24-h 
electrocardiographic (ECG) recordings performed every 2 
weeks from 2 months of age to the time of study, and the dogs 
were classified using previously established criteria (1). In 
addition, just before this study all but two of the dogs were 
challenged with phenylephrine to produce a reflex decrease in 
sinus rate and thereby unmask ventricular ectopic activity in 
affected dogs (2). 
Purkinje fibers were obtained from three groups of dogs. 
The first group (hereinafter referred to as unaffected dogs; [n = 
51) included 4- to 11-month old dogs that displayed no or rare 
(cl0 premature ventricular complexes for any hour) ventric- 
ular ectopic activity on 24-h ECG recordings (classification 1 
[ 11) or after challenge with phenylephrine. The second group 
(affected dogs [n = 71) included 4- to 11-months old dogs that 
displayed frequent, nonsustained ventricular tachycardia on 
their 24-h ECG recordings (classification 4 [I]) and after 
challenge with phenylephrine. The third group (p&&y 
llffecrd dogs [n = 81) induded dogs that diilayed ventricular 
Wtopic activity ranging from isolated premature ventricular 
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complexes to nonsustained ventricular tachycardia on 24-h 
ECG recordings (classification 2 [n = 31 and 3 [n = 41 [l]) and 
after challenge with phenylephrine at 4 to 8 months of age, but 
that at the time of study (8 to 12 months of age), no longer 
displayed ventricular ectopic activity other than occasional 
premature ventricular complexes (classification 1 [I]). Purkinje 
fibers were excised from the anterior left ventricle in all 20 
dogs; from the free wall of the left ventricle in 1 unaffected and 
5 affected dogs; and from the right ventricle in 1 unaffected, 6 
affected and 1 previously affected dog. 
Tissue preparation. Hearts were excised rapidly from 
anesthetized dogs (Fatal-Plus, 390 mg/ml pentobarbital so- 
dium, Vortex Pharmaceuticals, 86 mg/kg body weight intrave- 
nously) and placed in cool Tyrode solution. Free-running 
cardiac Purkinje fibers or Purkinje fiber-papillary muscle 
preparations were mounted in a Plexiglass chamber and were 
superfused with normal Tyrode solution at a rate of 15 ml/min. 
The partial pressure of oxygen was 400 to 600 mm Hg, and the 
temperature was 37.0 -)_ 05°C. The composition of the Tyrode 
solution (in mmol/liter) was &Cl, 0.5, NaH,PO, 0.9, CaCI, 
2.0, NaCl 137.0, NaHCO, 24.0, KC1 4.0 and glucose 5.5. 
Transmembrane recordings were obtained using standard 
techniques, as described previously (6). All experimental pro- 
cedures were approved by the Institutional Animal Care and 
Use Committee at Cornell University. 
Initially, the fibers were driven at a cycle length of 300 ms 
for 30 to 60 min. Thereafter, the fibers were allowed to 
discharge spontaneously, except for the studies of the effects of 
overdrive pacing. For the latter, trains of 10 to 50 stimuli at 
cycle lengths of 3OtJ, 400 or 500 ms were tested. Fibers that 
developed trit-zgered activity were mapped to find the site of 
earliest activation. The mapping procedure consisted of re- 
cording from two or more sites simultaneously and identifying 
the site of earliest early afterdepolarixation initiation. Impale- 
ment at that site was maintained, and the other electrode was 
nsed to record from nearby sites until a site of earlier early 
afterdepolarixation initiation was found. This process was 
repeated until the site of earliest activation was identified. 
Recordings were obtained from all regions of the fibers to 
exclude the possibility that more than one site of early after- 
depolarization initiation existed. 
Ekts of alpha- and beta-adremergic receptor agonists and 
antagonists. The effects of phenylephrine, norepinephrine, 
epinephrine and isoproterenol on early afterdepolarization 
development and spontaneous discharge cycle length were 
determined by adding 0.05- to 0.15-ml aliquots of concentrated 
stock solutions of the drugs directly to the tissue bath during 
constant perfusion (bath volume 5 ml). The drug concentra- 
tions given herein are those at the onset of drug administra- 
tion. The effects of these agents also were determined in two 
fibers after 30 min of superfusiin with propranolol (1 pal/ 
liter) to block beta-adrenergic receptors and in two fibers after 
30 min of superfusion with propranolol plus phentolamine 
(1 r.Lmol/liter) to block both beta- and alpha-adrenergic recep- 
tors. Early afterdepolarixation development was assessed by 
counting the average number of earfy afterdepolarixations 
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elicited by IO spontaneous action potentials before drug ad- 
ministration and beginning 5 s after drug administration. The 
spontaneous discharge cycle length was measured as the 
interval between the maximal diastolic membrane potential 
after the spontaneous action potential or the last triggered 
action potential to the onset of the next spontaneous action 
potential. Results are expressed as the mean value of three 
consecutive cycle lengths. 
Statistical analysis. Statistically significant differences be- 
tween groups were evaluated initially using analysis of variance 
(Statview, Abacus Concepts) followed by a Scheffe F test, p < 
0.05 (two-tailed) was considered statistically significant. Data 
are expressed as mean value 2 SE. 
Results 
tzImaeistirsofearlyaAPrdepolarizaiim-ia~ 
activity in a&ted Purkh@ Bbers. Early afterdepolarixation- 
induced triggered activity was observed in seven of seven 
anterior left ventricular Purkinje fibers, five of five lert ventric- 
ular free wall fibers and none of six right ventricular fibers 
obtained from affected dogs during superfusion with normal 
Tyrode solution. Examples of spontaneous activity recorded 
from the three types of Purkinje fibers in an affected dog are 
shown in Figure lk Both the anterior left ventricular and left 
ventricular free wall fibers displayed triggered action poten- 
tials, whereas the right ventricular fiber did not. The presence 
of early afterdepolarixation as a cause of the triggered activity 
was confirmed by mapping the fibers and finding the region of 
earliest impulse initiation (Fig. 1B). The site of early afterde- 
polarization initiation in all fibers was near the middle of a 
false tendon, remote from the junction between the Purkinje 
fiber and ventricular muscle. These regions were typified by 
phase 2 early afterdep&rirations that propagated to neigh- 
boring cells having shorter action potential durations (Fig. 1, B 
and C). 
Early afterdepolarization-induced triggered activity was 
subject to exit block within the Pmkinje fiber in 9 of the 12 
affected fibers studied. A typical example of thii phenomenon 
is shown in Figure 2. The recordings in Figure 2 were obtained 
from Purkinje fibers resected from a dog that died suddenly. 
The dog was found unconscious in its pen but stilt warm. When 
efforts to resuscitate the animal failed, the heart was excised 
and right and left ventricular fibers were obtained. As in the 
fibers obtained from the other at&ted dogs the right ventric- 
ular fiber showed little spontaneous activity and no early 
afterdepolarizations, whereas the ieft ventricular fibers devel- 
oped both (Fig. 2A). Variable conduction block occurred 
between the site of early afterdepolarixation initiation and two 
other sites on the anterior left ventricular fiber (Fig. 28). The 
conduction block was not strictly rate dependent- in that bursts 
of rapid activity with similar cycle lengths were conducted with 
highly varying degrees of Yock. In addition, the generation of 
early afterdepolarixations, occasionaliy occurred after long 
delays, resulting in triggered responses with lot’& coupling 
intervals (Fig. 2B). Consequently, recordmgs obtaiid from 
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propagtitiun of trigger;-d activity initiated at the 
upper recording site (LVJ) to sites 8 and 13 mm , I_..1 .__.- ..~-- . 
sites other than the site of early afterdepolarization initiation 
were not reliable indicators of the extent of early afterdepo- 
larization development. Long coupling intervals at a remote 
she could result from normal automatic discharges at a slow 
rate, early afterdepolarization-induced triggered impulses with 
long interearly afterdepolarization intervals or block of early 
afterdepolarization-induced triggered impulses with short in- 
terearly afterdepolarization intervals. 
In contrast to the common occurrence of exit block within 
the Purkinje fiber, conduction from Purkinje tissue to ventric- 
ular muscle typically occurred in a 1:l manner, as shown in 
Figure 3. Transmission of impulses from the Purkinje fiber to 
ventricular muscle, even at short cycle lengths (e.g., 200 to 
250 ms in Fig. 3), was associated with activation of ventricular 
muscle during terminal repolarization or after repolarization 
was complete. Accordingly, there was little or no evidence 
from the recordings of ventricular muscle action potentials of 
early afterdepolarization development in the Purkinje fiber. 
In addition to early afterdepolarization-induced triggered 
activity, other types of abnormal impulse formation were 
observed in two anterior left ventricular fibers and two left 
JACC Vol. 27, No. 6 
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Figure 1. Early afterdepolarization-induced trig 
gered activity in Purkinje fibers from German 
shepherd dogs with inherited ventricular arrhyth- 
mias. A, Eaamples of spontaneous activity in right 
ventricular (RV), left ventricular free wall (LVJ 
and anterior left ventricular (LVh) F’urkinje fibers 
from an atfected dog. The recordings were ob- 
tained simultaneously from three separate prep 
arations mounted in the same tissue bath. B, 
Three recordings obtained from the left ventric- 
ular free wall Purkinje fiber in A, demonstrating 
1 away (LV& anfl LVtJ, respeCtlVely). L‘, Kecora- 
-- ings from the same three sites as in B, but 
obtained during a brief period when the fiber was 
not generating triggered activity, illustrate inher- 
ent differences in action potential duration be- 
Ween sites. Bars to the left of each recording 
indicate zero membrane potential. Vertical cali- 
bration 100 mV, horizontal calibration 5 s for A 
and B, 125 ms for C. 
ventricular free wall fibers. Examples of such behavior are 
shown in Figure 4. In the fiber shown in Figure 4, spontaneous 
activity initiated near the middle of the fiber propagated 
without block to one end of the fiber but not to the other (Fig. 
4A). To demonstrate that initiation of the rapid, spontaneous 
activity was restricted to the middle section of the fiber, the 
fiber was cut into three sections. The section containing the 
previously identified site of spontaneous impulse initiation 
continued to develop such activity (Fig. 4C), whereas the other 
two segments displayed only normal automaticity (Fig. 4B). 
Recordings subsequently were obtained from two sites on the 
middle section of the fiber that were separated by a region of 
conduction block. In the absence of any obvious provocation, 
spontaneous activity started and stopped (lower recording) 
and switched from early afterdepolarization-induced triggered 
activity to sustained nondriven activity at a depolarized mem- 
brane potential to a slower rate of spontaneous activity (upper 
recording). 
Response of early aRerdepolari&ion-induced triggered 
activity to overdrive pacing. The effects of overdrive pacing on 
early afterdepolarization-induced triggered activity were deter- 
Fiire 2. Ezit block of early afterde@uization-induced 
triggered activity in a Purkinje fiber from a German 
shepherd dog with sudden death. A, Recordings obtained 
simultaneously from right ventricular (RV), left ventricu- 
lar free wall (LVt), and anterior left ventricular (LV,) 
Purkinje fibers, illustrating triggered activity in the left 
ventricular fibers and intermittent spontaneous activity in 
the right ventricular fiber. B, Recordings obtained from 
three sites on the anterior left ventricular Purkinje fiber. 
Early afterdepolarization-induced triggered activity 
(LV,l) occurred with long (action potentials near 1) and 
short (action potentials near 2 and 3) coupling intervals. 
The latter were conducted with variable block (compare 2 
and 3) to more distal sites (LV,2 and LV,3). Vertical 
calibratiou 100 mV: horizontal cahBnation 5 s. 
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Figure 3. Propagation of early afterdepolarization-induced triggered 
activity from Purkinje tissue to papillary muscle in a German shepherd 
dog with inherited ventricular arrhythmias. A, Recordings obtained 
from Purkinje (lower tmee) and papillary muscle cells (upper trace) 
illustrating 1:l Purkinje-muscle propagation during the spontaneous 
generation of early afierdepolarization-induced triggered activity. B, 
Same recordings as in A but at a faster sweep speed, showing that 
activation of papillary muscle usually occurred after terminal repolar- 
i&on. Vertical calibration 100 mV, horizontal calibration 5 9 for A 
and 1 s for 8. 
mined i:: six fibers that consistently displayed at least two 
triggered responws for each spontaneous action potential. 
Triggered activity was suppressed in all fibers during overdrive 
pacing and recovered slowly after the cessation of pacing (Fig. 
5 and 6). Four of the fibers exhibited overdrive suppression of 
automatic@ (i.e., spontaneous activity was suppressed imme- 
diately after the cessation of pacing), whereas the remaining 
two fibers did not (Fig. 5 and 6). Spontaneous activity in the 
latter two fibers was associated with less negative maximal 
diastolic membrane potentials (range -48 to -60 mV) than in 
the other fibers (range -94 to -83 mV). 
In fibers that displayed overdrive suppression of automatic- 
Figum 4. Abnormal impulse formation in a Pur- 
kinje fiber from a German shepherd dog with 
inherited ventricular arrhythmias. A, Recordings 
obtained from both ends (LV,l and LV,2) and the 
mrddle (LVr3) of an left ventriculu free wall fiber 
obtained from an a6eeted dog, demonstrating in- 
tab exit conduction of spontaneous activity gener- 
ated in the middle of the fiber to one end of the 
fiber but not to the other. B, Recordings demon- 
strating normal automatieity in the two outer sec- 
tions of the fiber after the fiber had been cut into 
three sections. C, Examples of spontaneous activity 
recorded from two regions of the mi$Jle section of 
the fiber after the fiber had been cut into three 
seetions. The reading sites were separated by 
-5 mm. See text for further discussion. Vertical 
eaiibration 100 mV for A and B, 25 mV for C; 
horizontal ealibratidn 5 s for A, 2.5 s for B and 10 s 
for C. 
A 
LV, I 
L”,Z 
LV,3 
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Fire 5. Effects of overdrive pacing on early aht,oepolarization- 
induced triggered activity in Purkinje fibers from German shepherd 
dogs with inherited ventricular arrhythmias. A, Suppression of auto- 
matic&y and early afterdepolarization-induced triggered activity after 
overdrive pacing in an anterior left ventricular Purkinje fiber. B, 
Suppression of early afterdepolarization-induced triggered activity 
with minimal suppression of automatieity after overdrive pacing in a 
different anterior leh ventricular Purkinje fiber. Recordings were 
obtained from the site of early aherdepolarization initiation (upper 
reeurdiug) and a site 4 mm away @er Mb@. 
ity, the spontaneous discharge cycle length was longest imme- 
diately after the cessation of pacing and decreased thereafter 
(Fig. 6). Despite the progressive shortenmg of the spontaneous 
cycle length, the number of triggered responses increased (Fig. 
6). In fibers that failed to develop overdrive suppression of 
automaticity, the number of triggered responses also increased 
with time after cessation of pacing whereas the spontaneous 
cycle length remained nearly COnStant (Fig. 6). 
RespulIa of eally afterdepoIari7.atlon-indored trigged 
activity to autonomic ~ulators. The incidence of 
early afterdepolarization-induced triggered activity was in- 
creased in anterior left ventricular and left ventricular free wall 
fibers from affected dogs by exposure to phenylephrine 
(2.5 gmoh’liter) (Fig. 7A, Table l), as well as by exposure to 
norepinephrine (2.5 to 7.5 pmoyliter) and epinephrine (2.5 to 
B 
C 
LV,3 
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Figure 6. Effects of overdrive pacing on early afterdepolarization- 
induced triggered activity and spontaneous discharge cycle length in 
Pmkinje fibers from German shepherd dogs with inherited ventricular 
arrhythmias A, Spontaneous discharge qcle length (setid ckeks, kft 
odiuote) and manher of early afterdepolarizations (EALk, open ckcks, 
right e&tat@ for each spentaneous action potential (abs&sa) after 
overdrive pacing at a cyck kngth of 500 ms. Same fiber as in Figure SA. 
B, Spontaneous discharge cycle length (sotid &t&s, IetI ordinate) and 
number of early aftertkpokrizations (EADs open ekdes, right otdiite) 
for each spontaneous action potential (abscissa) after overdrive pacing at 
a cycle length of 300 ms. Same fiber as in Figure 5B. 
7.5 ~mohlitcr, not shown). These effects persisted in the 
presence of propranolol, but were blo&:d by phentolamine. In 
contrast, early afterdepolarizations and triggered activity were 
not induced by phenylephrine, norepinephrine or epinephrine 
in any of the right ventricular fibers. 
Phenylephrine (25 pmol/liter) potentiated triggered activity 
despite producing a modest increase in the spontaneous 
discharge rate (Table 1). There were no statistically significant 
differekes between the cycle lengths of spontaneous discharges 
JACC Vol. 27, No. 6 
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Figure 7. Effects of isoproterenol and phenylephrine on early 
afterdepolarization-induced triggered activity in a Purkinje fiber from 
a German shepherd dog with inherited ventricular arrhythmias. A, 
Acceleration of spontaneous discharge rate and suppression of 
early afterdepolarization-induced triggered activity in an anterior 
!eft ventricular Purkinje fiber after exposure to isoproterenol(l.0 mol/ 
liter [arrow indicates administration]). B, Potentiation of early 
afterdepolarization-induced triggered activity in the same Purkinje 
fiher after exposure to phenylephrine (10 ~mol/liter [arrow indicates 
administration]). Vertical calibration 100 mV; horizontal calibration, 
10 s. 
in atfected. unaffected or previously affected left ventricular 
fibers before or after exposure to phenylephrine. lsoproterenol 
(0.05 to 1.5 Fmol/liter) produced a more marked decrease in 
the cycle lengths of spontaneous discharges, which resulted in 
suppression of triggered activity (Fig. 7B). In left ventricular 
fibers from affected dogs, isoproterenol significantly decreased 
the number of early afterdepolarizations (from 2.5 + 0.5 to 0.8 
L 0.2) and spontaneous cycle length (from 1,783.3 ? 237.2 to 
1,016.7 + 144.8 ms, n = 6). 
Phenylephrine, epinephrine and isoproterenol also accel- 
erated the spontaneous discharge rates of fibers that exhib- 
ited sustained depolarization (Fig. 8). This effect was accom- 
panied by intermittent hyperpolarizations of the membrane 
potential, which transiently restored the appearance of early 
afterdepolarization-induced triggered activity (Fig. 8). 
Table 1. Effects of Phenylephrine and Isoproterenol on Early 
Afterdeoolarizations and Spontaneous Cycle Length 
No. of 
EAD SCL 
EXPIS -PE tPE -PE +PE 
Left ventricle 
Group I 
Group ? 
Group 3 
8 
II 
6 
0 II 
1.6 3.0’ 
Right ventricle 
Group 1 
Group 3 
20.4 to.5 
0 0.2 
ro. I 
0 0 
0 0 
1,659.J 1.368.8’ 
2258.5 ~24S.6 
1995.0 1.39ll.o* 
+ 178.0 t-148.3 
1,9.511.3 1.266.7’ 
2 182.8 oI4.7 
7,3oLL9,800 
3Ja8.3 
tlJ94.8 
Group 3 
5xnI-7,otm 
2.025.0” 
z219.0 
0 0 Intermittent 
‘p < 0.05 versus before phenylephrine (-PE). Unless otherwise indicated 
data presented are mean value 2 SE or range. EAD = early afterdepolarization; 
Espts = experiments; Group 1 = unatfected; Group 2 = afleaed; Group 3 = 
previously affected; LV = left ventricle; RV = right ventricle; SCL = sponta- 
neous discharge cycle length: t = after phesyleph~ne. 
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Piire 8. Effects of phenylephrine and epinephrine on spontaneous 
impulse generation during sustained depolarization in a Purkinje fiber 
from a German shepherd dog with inherited ventricular arrhythmias. 
A, Acceleration of spontaneous discharge rate in left ventricular free 
wall fiber obtained from an affected dog after exposure to phenyleph- 
rine (10 pmol/liter [arrow indicates administration]). B, Acceleration 
of the spontaneous discharge rate in the same fiber as in A after 
exposure to epinephrine (5.0 fimolniter [armw indicates administra- 
tion]). C, Termination of burst of spontaneous activity shown in B (30 s 
elapsed between the end of B and the beginning of C). Vertical 
calibration 50 mV; horizontal calibration 10 s. 
Clwacteristics of spaotarieaus activity in Parkinje fibers 
fkom unaffected and previously a&ted dogs. Triggered activ- 
ity did not occur in Purkinje fibers (n = 7) obtained from either 
ventricle of unaffected dogs under control conditions or after 
exposure to phenylephrine (25 to 50 kmol/liter), norepineph- 
rine (2.5 to 7.5 Fmolfliter), epinephrine (2.5 to 7.5 PmoVliter) 
or isoproterenol(O.5 to 1.5 PmoViiter). Triggered activity also 
did not occur in Purkinje fibers (n = 9) obtained from either 
ventricle of previously affected dogs under control conditions, 
although an occasional single triggered action potential oc- 
curred in hvo anterior left ventricular fibers after exposure to 
phenylephrine (SO pmol/iiter) or epinephrine (7.5 gmol/liter). 
Discussion 
Role of early aRerdepalarization-indnced triggewd activity 
in initiation of inherited veatricalar arrhythmias. The spon- 
taneous occurrence of ventricular ectopic activity and sudden 
cardiac death in inbred German shepherd dogs may provide an 
opportunity to identify a mechanism for genetic predisposition 
to the development of lethal ventricular arrhythmias (5,7-g). 
As an initial step in this process, it would be useful to know 
the cellular electrophysiologic mechanism for the arrhyth- 
mias. The pause dependence of spontaneously occurring and 
phenylephrine-induced arrhythmias tends to irirplicate early 
afterdepolarization-induced triggered activity i a potential 
mechanism (3-5). However, other characteristics of the ar- 
rhythmias, such as their initiation in the absence of a prolonged 
QT interval, argue against early afterdepolarization-induced 
triggered activity, given that early afterdepolarizations typically 
arise from prolonged action potentials (3.4). 
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The observations of the present study strongly sugest that 
early afterdepolarization-induced triggered act&ty i&rkinje 
fibers is responsible for the initiation of ventricular arrbflh- 
mias in the intact dog. Triggrxed activity was found in Purkinje 
fibers from all dogs that displayed arrhythmias at the time of 
study, but in none that had never displayed arrhythmias and 
only rarely in those with previously documented arrhythmias 
that had subsided. Phenylephrine potentiated the development 
of early afterdepolarization-induced triggered aciivity both in 
the intact animals and in the isolated Purkinje fibers. More- 
over, the incidence of spontaneously occurring arrhythmias in 
viva was reduced by overdrive ventricular pacing or by sinus 
tachycardia. whereas triggered activity in vitro was suppressed 
by overdrive pxing or by isoptoterenol-induced acceleration 
of the spontaneous discharge rate. Supprtjsion of triggered 
activity by isoproterenol also may have involved a shortening of 
the action potential duration caused by the direct effects of the 
drug on the delayed rectifier channel (10.11). 
In addition to the transient depolarization of membrane 
potential associated with the development of early afterdepo- 
larizations, sustained depolarization of membrane potential 
occurred in some fibers, resulting in spontaneous activity 
characteristic of depolarization-induced automaticity (12). 
Sustained depolarization probably also contributed to the 
development of entrance and exit block (13-14) and to the lack 
of overdrive suppression of automaticity (15). Membrane 
potential and the nature of the spontaneous activity were 
particularly labile in fibers exhibiting sustained depolarization. 
The intransigence of both the rapid spontaneous activity and 
degree of exit block might contribute to the paroxysmal 
behavior of arrhythmias in the intact animal (1). 
Although entrance and exit block occurred within the 
Purkinje fiber, action potentials that propagated to Purkinjj- xlls 
war tbe Purkin~~usde junction conducted 1:l to veaar 
mu&e. Intact co&&on from Purkinje 0% to ventricular 
muscle was poss~&le because action potential duration was mark- 
edly prolonged only at the site of early afterdep&rization 
initiation, which typically was remote from the Purkinje-’ 
muscle junction. In other models of early afterdepolarization- 
induced triggered activity, such as exposure to cesium or to 
eaminopyridine, rapid activity generated by the Purkinje 6bet 
frequently does not propagate to ventricular muscle, possibly 
because action potential duration is prolonged in both Pur- 
kinje and ventricular muscle cells (16-18). Alternatively, the 
drugs used to elicit early afterdepolarizations may. by an 
unknown mechanism, reduce intercellular coupling at the 
Purkinje-muscle junction. Our observation that propagation of 
early afterdepolarization-induced triggered activity from Pur- 
kit@ cells to ventricular muscle was not necessarily asaded 
with premature activation of ventricular muscle suggests that 
the usual methods for d&covering early afierdepolarization- 
induced triggered activity in viva, including monophasic action 
potential pressure recordings may not be very useful in this or 
similar settings, unless recordings are obtained directly f&n 
the Rxkinje fiber in which such activity originates. 
1532 GILMOUR AND MOiSE 
INHERITED VENTRRXJL4R ARRHYTHMIAS IN DOGS 
Mudolation of early afterdepolarization-induced triggered 
activity by alpha-adrenergic stimulation. In studies of intact 
affected dogs, phenylephrine increased the incidence and 
severity of ventricular tachyarrhythmias, an effect that was 
mediated in part by a reflex slowing of sinus rate and in part by 
a direct myocardial effect (2). In the present study, early 
afterdepolarization-induced triggered activity also was shown 
to be rate dependent insofar as it was suppressed by overdrive 
pading. There was a time-dependent component to the devel- 
opment of eark afterdepolarizations as well, both in the in vivo 
studies, where ventricular arrhythmias did not begin immedi- 
ately after reflex slowing of the heart rate (Z), and in the in 
vitro studies, where the post-overdrive recovery of early after- 
depolarization-induced triggered activity could be dissociated 
from the spontaneous discharge rate. 
The direct potentiating effect of phenylephrine on the 
development of early afterdepolarization-induced triggered 
activity shown both in the intact animals (2) and in the isolated 
Purkinje fibers has been reported previously for other models 
of early afterdepolarization-induced triggered activity (19,20). 
It seems likely that the potentiation of early afterdepolariza- 
tion development by phenylephrine resulted from a prol,mga- 
tion of action potential duration secondary to a reduction in 
ouhvard current (21-23). However, the ionic mechanism: for 
the effects of alpha-agc,nists, as well as for the spontaneous 
development of early afterdepolarizations, remain to be deter- 
mined. In this regard, recent studies (24) indicate that the 
calcium-independent component of the transient outward cur- 
rent is reduced in epicardial myocytes from affected dogs. 
Whether a reduction in transient outward current occurs in 
I’urkinje cells, and whether such a reduction is sufficient to 
account for the prolongation of action potential duration in 
these cells, is presently under investigation (Pacioretty LM, 
MO&e NS, Gilmour RF Jr., unpublished observations). 
Recent studies of another syndrome associated with an 
inherited predisposition to sudden death-the long QT syn- 
drome-have suggested that mutations d the genes encoding 
a putative potassium channel (25,26) and a sodium channel 
(27$3) may underlie the repotarization abnormalities associ- 
ated with development of ventricular tachycardia in these 
patients. Although the dogs used in the present study did not 
have a long QT interval, it remains to be determined whether 
similar defects may have occurred in subsets of their cardiac 
cells or whether the expression of certain gene products was 
selectively altered. 
Clii signiieance. Whether a human clinical counter- 
part to this group of German shepherd dogs exists remains to 
be determined. Bradycardia-induced ventricular arrhythmias 
are most prevalent in patients with a proionged QT interval 
(S&9), which wiis not present in our dogs, yet such arrhythmias 
also have been reported in patients with ostensibly normal 
ventricular repolarization (29,30). It also remains to be deter- 
mined whether the mechanism that initiates ventricular t&y- 
cardia in thii group of dogs and in patients with bradycardia- 
induced arrhythmias differs from the mechanism that 
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perpetuates the tachycarjia or precipitates the transition from 
ventricular tachycardia to ventricular fibrillation. 
From a more general perspective, the demonstration of 
triggered activity in Purkinje fibers from dogs with a normal 
QT interval indicates that small regions of the ventricle whose 
repolarization characteristics do not contribute appreciably to 
the standard surface ECG are capable of initiating ventricular 
arrhythmias. Consequently, demonstration of a normal QT 
interval may not be sufficient to exclude early afterdepolarization- 
induced triggered activity as a potential mechanism for the 
initiation of ventricular tachycardia. 
We thank Linda M. Pacioretiy, PhD for assisting with some of the experiments, 
William J. Flahive, BS for expert technical assistance and Hollis Erb. DVM, PhD 
for assisting with the statistical analyses. 
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